The protonation constants of Phenylalanine and Maleic acid have been studied pH metrically in various concentrations (0-60%v/v) 
INTRODUCTION
Phenylalanine (Phe) is a strong α-amino acid [1] . This essential amino acid is classified as nonpolar because of the hydrophilic nature of the benzyl side chain [2] . The first description of phenylalanine was made in 1879, when Schulze and Barbieri identified [3] , [4] . Phe is found naturally in the breast milk of mammals. It is used in the manufacture of food and drink products and sold as a nutritional supplement for its reputed analgesic and antidepressant effects. It is a direct precursor to the neuro modulator phenylethylamine, Phe commonly used dietary supplement. Phe is the starting compound used in the flavonoid biosynthesis. Lignan is derived from phenylalanine and from tyrosine. It is converted to cinnamic acid by the enzyme phenylalanine ammonia-lyase. The biological functions of D-amino acids remain unclear, although D-phenylalanine has pharmacological activity at niacin receptor 2 [5] . L-Phenylalanine is an antagonist at higher doses, this may play a role in its analgesic and antidepressant properties [6] . In the brain, L-phenylalanine is a competitive antagonist at the glycine binding site of NMDA receptor [7] and at the glutamate binding site of AMPA receptor [8] .
Maleic acid (Mal) is an organic compound. It is an unsaturated dicarboxylic acid, a molecule with two carboxyl groups. Mal is the cis-isomer of butenedioic acid, whereas fumaric acid is the transisomer. It is mainly used as a precursor to fumaric acid, and relative to its parent maleic anhydride, Mal is more soluble in water. The solvent effects of phenols, amines and carboxylic acids have been examined [9] . A number of studies have been reported on protonation constants of α-amino acids in different media [10] - [13] . Acidity and basicity of a molecule is governed by its structure and solvent effects [14] , [15] .
Acetonitrile (AN) is a weak base [16] and a much weaker acid [17] than water. Therefore cations and especially anions have lower solvation energies in acetonitrile than in water, except in those cases where there is specific interaction with the solvent, thus cations are reduced at considerably more positive [18] potential as in acetonitrile than in water. It is a protophilic dipolar aprotic solvent and it does not form any hydrogen bond with solute species. The protophilic character of AN may arise from the possible formation of dimers which are shown to exist from IR studies [19] . Very few studies have been reported in the literature [20] - [22] , hence the author is reporting the protonation constants of phenylalanine and maleic acid in acetonitrile-water mixtures.
The protonation equilibria of Phe and Mal studied in the presence of acetonitrile to understand the influence of co-solvent on the chemical speciation. hydrochloric acid (HCl) concentration to increase the solubility. Acetonitrile (AR, E-Merck) is used as received. Sodium chloride was prepared to maintain the ionic strength in the titrand. Sodium hydroxide of 0.4 mol L -1 was prepared. The strengths of alkali and mineral acid were determined using the Gran plot method [23] , [24] .
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B. Procedure
The titrimetric data were obtained by using calibrated ELICO (Model LI-120) pH-meter (readability 0.01). The glass electrode was equilibrated in a well stirred solvent solution containing inert electrolyte. The effects of variations in asymmetry, liquid junction potential, activity coefficient, sodium ion error and dissolved carbon dioxide on the response of glass electrode were accounted for in the form of correction factor. For the determination of protonation constants of Phe and Mal, initially titrations of strong acid with alkali were carried out at regular intervals to check whether complete equilibration was achieved. 
C. Alkalimetric Titration Assembly
The glass electrode was equilibrated in a well stirred acetonitrile-water mixtures containing inert electrolyte for several days. At regular intervals titration of acid with alkali was carried out to check whether complete equilibration had been achieved or not. The calomel electrode was refilled with acetonitrile and ethylene glycol-water mixtures of equivalent composition as that of the titrant. Experimental procedure and titration assembly were given elsewhere [26] . Typical alkalimetric titrations are given in Figure 1 . 
D. Modeling Strategy
The approximate protonation constants of Phe and Mal were calculated with the computer program SCPHD [26] and they were refined using non-linear least-square computer program MINIQUAD75 [27] . The variation of overall protonation constants were analyzed on electrostatic grounds on the basis of solute-solute and solutesolvent interactions.
III. RESULTS AND DISCUSSION
The best fit models that contain the type of species and overall protonation constants (log β) along with some of the important statistical parameters are given in Table 1 
A. Effect of Systematic Errors
In order to rely upon the best chemical model for critical evaluation and application under varied experimental conditions with different accuracies of data acquisition, an investigation was made by introducing pessimistic errors in the concentrations of alkali, mineral acid and the ligand. The results of a typical system given in Table 2 emphasize that the errors in the concentrations of alkali and mineral acid affect the protonation constants more than those in the ligand.
B. Effect of Solvent
Effect of solvent on protonation constant depends upon electrostatic and non-electrostatic factors. Born's classical treatment holds good in accounting for the electrostatic contribution [28] which is related to dielectric constant. Hence, the logarithm of overall protonation constants (log β) should vary linearly as a function of the reciprocal of dielectric constant (1/D) of the medium (Figure 2) . The log β values are linearly increasing with decreasing dielectric constant of the medium in case of Phe and non-linear with decreasing dielectric constant of the medium in case of Mal in the medium(AN). The linear variation of log β values of Phe in AN-water mixture (Figure 2) indicates the dominance of electrostatic forces over non-electrostatic forces. But the non-linear trend of Mal in AN-water mixture shows the dominance of non-electrostatic forces. These opposite trends are due to the opposite nature of Phe and Mal. Phe is amino acid has one amino group and one carboxylic acid group and it is aromatic nature with one phenyl group. Mal is dicarboxylic acid with two carboxylic acid groups both are equal with unsaturation. AN stabilizes uncharged species due to its protophilic nature and low dielectric constant and solvent-water interactions, charge dispersion, and specific interactions of co-solvent with solute (indicated by the changes in the solubility of different species in the aquo-organic mixtures) account for the deviation of classical linear relationship of log K with 1/D Phe exists as anion, zwitter ion and cation and Mal exists as ligand, mono charged anion and divalent anion ( Figure 3) at different pH values. The cation stabilizing nature of co-solvent, specific solventwater interactions, charge dispersion and specific interactions of co-solvent with solute account for the linear relationship of log β with 1/D.
C. Distribution Diagrams
Secondary formation function ( n H ) average number of moles of protons bound per mole of ligand is useful to detect the number of This trend indicates the dominance of electrostatic and non-electrostatic forces in the protonation -deprotonation equilibria. 3. The effect of systematic errors in the influential parameters shows that the errors in the concentrations of alkali and mineral acid affect the protonation constants more than that of the ligand.
